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(54) Title: METHOD AND DEVICE FOR CHARGING LEAD ACCUMULATORS 

(57) Abstract 

According to the invention, lead storage bat* 
texies are charged by intermittently switching on and 
off a battery-charging unit (1, 2, 3) which is con- 
nected to a battery. The on and off times are suitably 
about 1 second when charging a battery. In the case 
of a maintenance charge, it is suitable to charge the 
battery with pulses in the region of a mains voltage 
period, with pauses of about 10 seconds. The circuit 
is suitably broken by means of a switch (4, 5) on the 
primary side of the transformer (1, 2). The switch 
may have the form of a relay with associated time 
circuit (4), although it is preferred to use a triac. 
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METHOD AND DEVICE FOR CHARGING LEAD ACCUMULATORS . 

The present invention relates to a method and to a device for 
charging lead batteries in accordance with the preamble of the 
5 following Claims 1 and 5 respectively. 

The active substance of a charged lead battery is found in the 
positive electrodes of lead superoxide Pb0 2 , and in the 
porous, metallic-lead negative electrodes. When the battery 
10 is discharged, these active substances are converted to lead 
sulfate PbS0 4 , wherein sulfate ions are taken from the 
electrolyte, which is sulfuric acid* The process is, in 
principle, the reverse when charging the battery. However, the 1 
circumstances are complicated and still not fully understood. 
15 It is known, however, that it is not possible for all lead 
superoxide and all metallic lead to be converted completely 
as the battery is discharged, among other things because the 
changes in the volume of the electrodes would cause the 
electrodes to burst. The maximum current accumulation is 
20 therefore determined by the amount of sulfuric acid that is I 
consumed between, for instance, the specific gravities of 
about 1.28 and 1.18. One particular complication is that the 
discharge product of both types of electrode are extremely 
difficult to dissolve. The solubility of PbS0 4 in water is 
25 given as 10" 5 mol/1, and 40 mg/1 respectively, and is even less 
soluble in sulfuric acid, and consequently the electrolyte 
contains a particularly low quantity of Pb**. The limitation 
of lead batteries, both when charging and discharging, has S 
therefore been considered to lie in the diffusion of the 
30 divalent lead ions. Furthermore, lead sulfate is a very poor 
conductor of electricity- These circumstances often result in 
problems when charging lead batteries, which, among other 
things, are in danger of being destroyed by inactive lead- 
sulfate layers which either prevent the battery from being 
35 charged or reduce its charge capacity and gradually render the 
batt ry unusable- The aforesaid problems of different densi- 
ties prior and subsequent to charging the battery with 
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subsequent dimensional changes are additional problems which 
give rise to sludge and also weaken the battery mechanically. 

There is a general and deep-rooted opinion, based on experi- 
5 ence, that lead batteries should preferably be charged 
comparatively slowly, for instance a 75 Ah? car battery should 
be charged from a low state to a fully charged state in the 
order of 10 hours. So-called normal quick charging results in 
higher temperatures and reduces the useful lifetime of the 
10 battery. This opinion is quite correct when the battery is 
charged in a conventional manner. 

However, it has surprisingly been found in accordance with the 
invention' that lead batteries can be charged with high 

15 electric currents and with very good results with no appreci- 
able increase in temperature where the battery is charged over 
short time intervals that are interrupted with time intervals 
during which no charge is applied. One object of the invention 
is to enable batteries to be charged quickly. Another object 

20 of the invention is to provide a relatively inexpensive 
battery charger which is capable of charging a battery more 
quickly and more effectively than has hitherto been possible, 
without harming the battery. Another object is to enable a 
practical and effective maintenance charge to be obtained. 

25 

Accordingly, there is applied in accordance with the invention 
a direct current, normally a half -wave rectified alternating 
voltage from a conventional charging unit in intermittent 
current supplying periods which are interrupted by periods in 

30 which no current is supplied, these periods having a duration 
of between 0.5 and 10 seconds, preferably between 0.5 and 1.5 
seconds. When charging a battery, the current supply intervals 
and the pause intervals will suitably have roughly the same 
duration. On the other hand, in the case of maintenance 

35 charging, the current supply periods will preferably be very 
short and, in accordance with one preferred embodiment of the 
invention, will have a duration of from one-half to one full 
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period of the mains voltage.? However, it: may be more purpose- 
ful in the case of some battery charging units for this time 
period to be shorter than some tenths of a second in duration* 
In the case of a maintenance charge, the main thing is to 
5 charge the battery over short charging periods between 
relatively long time intervals while applying a current pulse 
of such magnitude as to keep any impairment of the battery in 
check. If a triac is used, the triac is suitably fired after 
a zero transition and extinguished with the next following 

10 zero transition, meaning that current will be conducted 
through at most one-half period in the case of a half wave 
rectifying unit. In this case, the pause periods are given a 
much longer duration, for instance a duration of 10 seconds 
or still longer. The current should reach at least 4 A, 

15 preferably at least 6 A during the current supply periods. 
When the battery is stored over the winter months, it should 
be expected that the battery will need to be filled with water 
at some time.? 

20 Without wishing to limit the invention in this respect, it is 
assumed at present that the inventive effect is concerned with 
the development that occurs when charging respective oxygen' 
gases at the negative pole, which have the properties associ- 
ated with the term "in statu nascendi", results in a particu- 

25 lar activity which enables lead sulfate to be converted to 
lead and lead superoxide more easily. This probably concerns 
surface effects of a more or less microscopic nature which are 
very difficult to observe experimentally, and also such solid- 
state effects, crystalline structure effects, etc., of a 

30 transient nature over which it is at best only possible to 
speculate on with the present-day scientific standpoints. 

The concept of charging lead batteries with pulsated current 
is not new in itself. For instance, so-called "Pulstronic" 
35 devices are commercially available which deliver a pulsating 
charge at 20 kHz and 90 kHz respectively and with which a flat 
car battery can be fully charged in about 5 hours. As will be 
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understood, a device of this kind is, of necessity, relatively 
expensive. Neither is it possible to dissolve sulfation as 
made possible by the present invention. 

5 The quick charging of a storage battery made possible by the 
invention, with essentially imperceptible heating of the 
battery is not, however, achieved with this known technique. 
It is therefore assumed that in the case of the present 
invention, one has been successful in utilizing a "chemical 

10 time constant" which has a relationship with the course of 
events that take place when charging a storage battery. It is 
known that time constants occur when discharging lead storage 
batteries: When a fully charged battery begins to discharge, 
the voltage drops from about 2.2 V per cell to about 1.83 V 

15 over the first 10 seconds, and then increases exponentially 
by nearly 0.1 V with a time constant of approximately 10 
seconds. It is generally thought that this is due to supersat- 
uration of lead sulfate in the absence of condensation caused 
in the form of lead sulfate crystals. 

20 

In the case of a device for charging lead storage batteries 
in accordance with the principles of the present invention, 
it is convenient to allow commutation to take place by 
breaking an automatic switch and closing the current in the 

25 primary winding of the transformer, the transformed current 
of which is rectified. It has been found that there is then 
obtained an initial current pulse of good effect. In the case 
of one particular embodiment for three-phase mains voltage, 
it has also been found suitable to break and close only one 

30 of the phase lines so that a certain smaller charge current 
will remain during the pause periods. 

The present invention can be used to particular benefit to 
recondition storage batteries that have been used over a long 
35 period of time and have lost their efficiency due to sulfa- 
tion. In such cases, the cells have different conditions and 
the following procedure should be followed in order to 
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| "freshen-up" the cells. The battery is charged until the acid 

content of the "best" cells reaches a normal value. The 
battery is then discharged through an appropriately selected 
resistance and then recharged. The "poor" cells are improved 
5 each time this procedure is undertaken and from the aspect of 
* use, the battery is often as good as new after three to five 

such cycles. This reconditioning process has been found to 
provide good results even in the case of very large storage 
batteries, for instance batteries for powering electric 
10 trucks , where serious problems otherwise exist and the battery 
costs are high. The invention thus enables considerable 
j savings in costs to be achieved. 

The invention will now be described in more detail with 
15 reference to an exemplifying embodiment thereof and with 
reference to the accompanying drawings, in which Fig. 1 
illustrates schematically a device by means of which the 
method can be applied; Fig. 2 is a circuit diagram for a 
pulsating device which can be connected to the input side of 
20 a conventional charging unit when practicing the invention; 
and Fig. 3 is a circuit diagram for connection to a three- 
phase system. 

Fig. 1 illustrates the principle device for charging a lead 
25 storage battery. A transformer 1, 2 is supplied with mains 
voltage on the primary side 1 and current from the secondary 
side 2 is rectified, in the simplest case by one single diode. 
The rectified current is delivered to a storage battery 6 . 
I There is normally included a current measuring instrument, 

30 which may be a conventional soft-iron instrument (not shown). 
In the illustrated case, the periodic supply of current to the 
battery 6 is effected with the aid of a switch 4 which 
switches the primary voltage on and off and which is consid- 
■ ered to provide the simplest means of achieving the periodic 

35 supply. This can be achieved with a simple relay having 
suitable drive circuits , although it is preferred to use some 
form of thyristor switch since there is then no need to worry 
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Fig. 2 illustrates a preferred embodiment of the switch 4. A 
12 V current source which is supplied from the mains network 
has not been shown. 
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The switching function is effected by the controllable switch 
component 12, which in the case of the illustrated embodiment 
is a triac designated BT139-800E. Other components are |Hf^ 

10 commercially available as standard components under the 

designations given in Fig. 2. A counter-component 4060 is set $-f$M 
to produce pulses regularly to the monostable component, with 
switching between a positive and a negative state at two- 
second periods. These pulses are led to the monostable device 

15 555, which is therewith triggered once every alternate second 
via C2. The duration of the triggered state can be varied with 
the potentiometer PI. The output signal from the circuit 555 
guides the current through a transistor which feeds a light- 
emitting diode in the optoswitch MOC3040, which is adapted to 

20 trigger a triac therein after the zero transition of the mains 
voltage, so as to trigger the thyristor 12 , which remains 
triggered as long as the time circuit 555 produces output 
signals . 
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25 In a preferred embodiment, which is a modification of the Fig. 
2 embodiment, the potentiometer Fl is replaced with two 
switchable resistors having respectively a resistance of 10 
kohm for a charging time of 0.5 seconds and a resistance of 
25 kohm for a charging time of 1 second. The switch is 

30 suitably made at the same time as the output on 4060 is 
switched from pin 1 (Q 12 ) to pin 3 (Q 14 ), which makes the time 
interval four times longer. 



By switching resistors and output contact simultaneously, it 
35 is possible to switch from a state in which the battery is 
charged over a period of 1 second and a pause period of 1 
second, to a battery-charging maintaining state in which the 
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batteries charged for 0 . 5 seconds with pauses of 7 . 5 seconds . 
It: will be understood that these are only examples of conceiv- 
able times and switching procedures , and that the times can 
be set to any selected values, particularly when the capacitor 
5 connected to pin 9 on 4060 is increased so as to enable the 
whole of the dividing interval of the circuit to be used, said 
circuit having outputs for division with fourteen powers of 
two . 

10 The activation variant shown in Fig. 3 has a three-phase 
transformer and a rectifier. In this variant, a contact 
breaker is placed only on one of the incoming three-phase 
lines. This has been found to work very effectively, since the 
direct current delivered to the battery while only two phase 

15 lines are connected or engaged is sufficiently low so as not 
to heat the battery. Without wishing to limit the invention 
to this explanation, it is assumed that the residual voltage 
influences the charging sequence through an adequate polariza- 
tion voltage. 

20 

The invention will now be described with reference to a number 
of working examples based on experiences obtained when 
charging lead storage batteries in accordance with the 
principles of the invention. 

25 

EXAMPLE 1 

A flat car storage battery (acid density 1.18) of 75 Ah was 
charged with on- times and of f -times of 1 second duration, and 

30 a charging current (effective value measured with a soft-ixroii 
instrument) of 90 A. The battery did not heat to any appreci- 
able extent. Gas was generated from the beginning. After 25 
minutes, the battei^y was found to be fully charged with an 
acid density of 1.28. The acid densities were measured with 

35 a refractive-index measuring device. 

The battery was then discharged with a current of roughly 8 
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A, wherein "the current was measured and integrated continuous- 
ly, wherein a value of 68 Ah was obtained down to the same 
state of discharge. 

5 When charging the same battery with a continuous charge, it 
was not possible to supply more than 7 A without the battery 
becoming very hot. 

EXAMPLE II 

10 

An approximately similar flat or discharged battery, this time 
60 Ah, was charged with charging periods and pauses of 1 
second duration and with a charging current of 12 A, which 
finally fell to 10 A. The battery was found to be fully 
15 charged after 2 hours - 

EXAMPLE III 

Several car batteries, 60-75 Ah, which had stood for 6-12 
20 months without maintenance charge and therefore heavily 
sulfated were test-charged according to EXAMPLE II. 80% of the 
batteries were found to accept a charge and appeared fully 
normal. Among the unsuccessful batteries, some were found to 
be seriously damaged by vibrations from diesel engines. 

25 

EXAMPLE IV 

Four so-called closed flat or exhausted car batteries were 
test-charged according to EXAMPLE II. All of the batteries 
30 accepted charge with the exception of one and remained cold. 
One of the batteries became hot. A closer inspection of this 
battery showed that one of its cells was short-circuited. 

EXAMPLE V 

35 

A test was carried out on 1,000 batteries over a long period 
of tim , these batteries being between 5 and 15 years old and 
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having capacities between 55 and 700 Ah. Prior to regenera- : 
trion, the distribution was as follows: 



Number Acid Density Capacity 

5 671 1.00-1.10 0-18% 

303 1.11-1.18 19-33% 

19 1.19-1.24 34-42% 

7 1.25-1.26 43-57% 

10 The following results were obtained when testing with conven- 
tional battery-charging procedures: 

Number Acid Density Capacity 

26 1.27-1.28 100% 

15 974 Unchanged Unchanged 



The following results were obtained when regenerating in 
accordance with the invention: 

Acid Density Capacity 
1.28-1.30 100% 

1.00-1.02 0% (mechanical fault) 

Experience has shown that the problem of sulfation is totally 
eliminated when the invention is used to charge storage 
batteries on a regular basis. 

In earlier experiments with the invention, there was used a 
conventional battery charger (half -wave rectification) in 
combination with a relay for breaking and closing the primary 
current. Although this battery charger worked well for a long 
time, the electrical contacts gradually burned out. It is. 
therefore preferred to use a triac with associated control 
circuits as breaking and closing elements in series with the 
primary winding of the battery charging device. In this 
regard , commutation is suitably zero-transition controlled. 



Number 

786 

188 
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It lies within the nature of "tilings to use prefer-ably current: 
sources having much larger charging currents than as hitherto 
been usual. It is true that a certain increased current pulse 
is obtained when switching on the primary side, although the 
5 full effect of the invention is not achieved unless the 
maximum current is increased to much higher values than those 
that have been normal hitherto* 

The experiments carried out with the present invention have 
10 been directed primarily to car batteries, which are easy to 
obtain in different states of neglect. However, systems exist 
which have permanently fixed batteries, for instance batteries 
which supply telephone networks , emergency systems , etc . , 
where sulfation problems and similar problems are difficult 
15 to resolve, primarily problems relating to maintenance. The 
invention also enables savings to be made in this regard by 
improved maintenance, and not least by improved safety with 
regard to those systems which are used primarily as back-up 
systems . 
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1. A method fox* charging lead storage batteries / comprising 
applying a varying direct voltage from a battery-charging unit 

5 which is sufficient to generate gas, characterized by applying 
the direct voltage in intermittent current supply periods that 
are interrupted with pauses in which no current is supplied, 
having durations of between roughly 0,5 seconds and roughly 
10 seconds. 

10 

2. A method according to Claim 1, characterized in that the 
current supply periods and the pauses have generally the same 
durations . 

15 3. A method according to Claim 2, characterized in that the 
current supply periods and the pauses have durations of 0*5- 
1 . 5 seconds • 

4. A method according to Claim 1 for maintaining the charge 
of fully charged batteries, characterized in that the inter- 
mittent current supply pulses have a duration of at most one- 
half second, whereas the pauses have durations of 5-i0 
seconds . 

5. A method according to Claim 1 for regenerating batteries 
whose cells are in mutually different states, characterized 
by charging, discharging and charging the battery several 
times until all of its cells have been regenerated. 

6. A device for charging lead storage batteries comprising 
a transformer having a primary winding for connection to tte 
mains network, a secondary winding, a rectifier connected to 
the second winding, and a positive and a negative terminal 
intended for connection to a battery to be charged, character- 
ized by an automatic switch means connected to the primary 
conductor for switching the mains network on and off intermit- 
tently with short battery-charging periods interrupted by 
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pauses in which no current: is supplied, having durations of 
0.5-10 seconds. 

7. A device according to Claim 6, characterized in that the 
5 switch means is adapted to switch the mains network on and off 

over time periods of essentially equal durations. 

8. A device according to Claim 6, characterized in that the 
switch means can be set between a battery- charging state in 

10 which the activation time periods are of -0.5-10 seconds 
duration , and a battery charge-maintaining state in which the 
charge-maintaining periods have a maximum duration of 0.5 
seconds . 

15 9. A device according to Claim 6, characterized in that the 
switch means includes a two-way extinguishable semi-conductor 
valve which functions as a single-pole switch. 

10. A device according to any one of Claims 6-9 , character- 
20 ized in that the transformer has three primary windings 
intended for connection to a three-phase network; and in that 
the switch means is connected between the three-phase network 
and the transformer in one of the phase conductors. 
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